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(71) We, ThORN AtrroMATioN Limited, 
a British Company of Beech Avenue, New 
Basfoid, Nottmgham do hereby declare the 
invention, for which we pray that a patent 
5 may be granted to us, and the method by 
which is is to be performed, to be particu- 
larly described in and by the following 

statement: — , . . , 

This invention relates to cooled modules, 

10 especially but not exdusively, modules con- 
taining electrical equipment, for example, 
electronic or dectro-medianical equipment 
In the past modules of electromc or electro- 
mechanical equipment have been mounted 

15 in racks or other suitable support means and 
in certain circumstances problems have 
arisen as a result of the build-up of heat 
which can arise while the equipment is m 

use. . 
20 It is an object of the present invention to 

obviate or mitigate this problem. 

According to the present invention thrare 
is provided a module having a casmg tne 
contents of which have to be cooled, com- 
25 prising first heat transfer means arranged 
within the casing separately from components 
therein and second heat transfer m^s 
outside the casing and at least one heat 
pipe extending between said first and second 
30 h^t transfer means, the heat pipe bemg arr- 
anged to permit transfer of heat from the 
first to the second heat transfer means only. 

A heat pipe is a sealed tube containing a 
small amount of liquid in equilibrium with 
35 its saturated vapour and a wick. When one 
end of the tube is heated the liquid therein 
evaporates and the excess vapour created 
is condensed at the other end of the pii^ 
which is cooler. Thus fluid canies the heat, 
40 as a latent heat, from the heated end to the 

cooled end. The condensed liquid is recir- 
culated from the cooled end to the heated 
end by the capillary action of the wick and/or 
by gravity. , 
45 Preferably said first and/or said swond 
heat transfer means comprise finned surfaces. 

Preferably cooling fluid is forced over said 
first and/or said second heat transfer means. 



Preferably said first heat trMsfer ni^ns are 
enclosed in a passage through which flwd 
to be cooled is passed, a fan bemg provided 
to give this forced circulation. 

The or each heat pipe may be aixMged 
at an angle to the vertical, the upper end bemg 
located in the second heat transfer means and 
the wick terminating at or near the pomt 
at which the heat pipe leaves the first neai 

transfer means. ^ ^ - ^ 

Preferably at least the first heat transfer 
means is formed by two heat tr^sfer mem- 
bers each having outstanding &is formed 
integrally therewith the planar surfaces of the 
members opposite said fins being arranged in 
abuting relationship and channels being 
fonned in each of said planar surfaces whereby 
said heat pipe can be accommodated m tne 
passage formed by the channels on abutment 

of the members. , . 

In an alternative embodiment the or each 
heat pipe is arranged vertically with the 
second heat transfer means above the tirst 
heat transfer means, the second heat transfer 
means comprising fins fonned on the or eacn 
individual heat pipe. r^^„KU 
The casing of the module may be of double 
thickness and the fluid for removing heat from 
the second heat transfer means may be passed 
through the cavity between the double walls 

of the casing. ^ . 

Embodiments of the present mvention 
will now be described by way of example 
only, with reference to the accompanying 

drawings in which:— _ . „«fo«,niinle 
Fig. 1 shows a perspecuve view of a module 
containing electronic components; 

Figs. 2, 3 and 4 show respecUvdy, top, 
side and bottom sectional views of a module 
similar to that shown in Fig. 1 but including 
some modifications; j i «r ^t,^ 

Fig. 5 shows a detaQ of a module of the 

type shown in Fig. 1 ; and «««fu^r 
Fig. 6 shows a perspective view of another 
mod&ed module, with the upp^ end of a 
heat tube thereof iUustrated m detail. 

An enclosed module compnsmg a caing 10 
containing elccttonic equipment (not shown) 
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is provided at its rear with a heat condactmg 
plate 12 to which is attached a finned first heat 
exchange member 14, the member 14 beingcast 
from some suitable alloy and having attach- 
5 ment means (not shown) for fixing it to 
the plate 12. A second finned heat exdiange 
member 16 is attached to the rear of the plate 
12 on the outside of the module casing 10, 
the fins of this second heat exdiange member 
10 16 and those of the first heat exdiange 
member 14 running substantiaUy vertically, 
whereby vertical gas passages are proidd^ 
between the fins of each member. 
Thus in operation, air within the module 
15 which has been heated by heat generatwl in 
the electronic components circulates within 
the inodule casing which is hermetically 
sealed, and circulating air passes b^een 
the fins of the first heat exchange member 14. 
20 The heat absorbed by the heat exchange 
member 14 is transferred by conduction to the 
second heat exchange member 16 which in 
ttith is cooled by forcing a draft of cooling 
air between the fins. 
25 The heat exdiange between the first and 
second heat exchange members is consider- 
ably improved by introducing a plurality 
of heat pipes 1 8, only one of wfich is shown, 
extending between the members. 
30 Figs. 2 — 4 show a modified module it 
whidi the first heat exchange member 14 is 
iticorporated in a duct 20 at the rear of the 
module casing. The first heat exchange mem- 
ber 14 comprises two finned castings arranged 
35 with their non-finned surfaces in abuting 
relationship and vertically orientated. The 
length of the first heat exchange member 14 
is such that chambers are defined in the duel 
20 at the top and bottom thereof and the 
40 width of the first member from fin-tip to fin- 
tip is such that the member occupies the 
entire transverse width of the duct, as best 
seen finom Figs. 2 to 4. 
A forced dtculatibn of the clean air 
45 within the module casing is achieved by 
teeans of an electrically driven fan 22 
arranged at the bottom of the duct 20. 

The back4o-back arrangement of the 
meiAbers formiiig the first heat exchange 
50 Inember is advantageous in that it is a simple 
matter to machine chaimels in the abuting 
faces of the fiaembers whichv on placing the 
members togethe)*, form passages Which 
accommodate the heat pipes. 
55 It will be realised that the second heat 
t%dkai&fsb l^mb^ 16 can be manufactured 
from two components in a siniilar manner. 

In aotBdil grating co&ditions the interior 
of the module casing is at a hig^^ tmper^ 
60 ^aMtt than fts sfOtrdundiiigs iand thus ieeat 
96^ k outXv^ftf s from the first to the second 
heat exdNAtiget membet. In ceitiain diirax£i- 
«aBd6s, howevi^t) for example where the 

iarabient tem^miure is paiitietEd^ly high the 
65 flow of heat could be from the second heat 



exchange member to the first and the thus 
increased temperature within the module 
casing could damage the electronic com- 
ponents. 

Thus the heat pipes are arranged such that 70 
they operate m one ''dkection" only; m 
other words, they only allow the flow of heat 
from the first to the second heat exchange 
member. To achieve this the heat pipes 18 
are arranged, as shown in Fig. 5, at an ang^e 75 
to the horizontal with the tower end accom- 
modated in the first heat exchange member. 
Furthermore the wick 26 within the heat 
pipe does not «ctend for the entire length 
thereof but extc&ds only over the length 80 
of the heat pipe accommodated within the 
first heat exchange member 14. 

Thus, in operation, wheii the internal 
temperature of the module casing is greater 
than the external temperature; liquid within 85 
the heat pipe will evaporate and transfer 
heat to the upper end of the pipe encased with- 
in the second heat exchange member. The 
vapour will then recondense and, by gravity, 
the condensate will return on to the wick 90 
airea whidi will then transfer the liquid by 
capillary action and gravity to the bottom 
of the heat pipe, thus forming a closed 
circuit If, on the other hand, the external 
temperature is greater than the internal 95 
temperature of the module casing, when heat 
is applied to the upper end of the heat pipe, 
because the wick does not extend to tins 
upper end the closed loop has been "open- 
circuited" so that there is no liquid available 100 
for evaporation and transfer of latent heat, 
and thus heat is not transferred to the 
interior of the module casing except by normal 
conduction. It can be arranged that the heat 
transfer by normal conduction is mini- 105 
mised so that it does not have detrimental 
eifects on the electronics Within the module 
casing. 

in a modified embodiment shown in Fig. 6, 
the first heat transfer member 14, which 110 
again comprises a finned casting, is arranged 
along the top of the module casing which is 
double walled, having an internal 28 
and an ex;t«:nal wall 30 providing a cavity 
therebetween. The extern^ wall '30 is provided 1 15 
with an inlet 32 to admit cooling air to the 
cavity which has an enlarged depth at the 
top thereof to accommodate the upper 
ends of one-way heat pipes 18 Which are 
ewibedded in the fifcst heat exchange member 
14. Hie upper ends of the heat i^pes 18 may 
be embedded in z further finned heat ex- 
diange member ^not shown in Fig. 6) or, as 
as illustrated in 3Fig. 6, are provided with a 
plurality of disc-like coohng fins 54. Outlet 1^ 
apmures 36 for the cooling air are provided 
iii the top of the outer casing 30 of Ae mi^dule 
casing. If desired, baffles 38 inay be provided 
ki the cavity defined by Ae w^ls 28 aJid 30 
of the module casing. 1 
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Various modifications can be made witiiiout 
departing from the scope of the invention, 
for sample, the cooling fluid for the second 
heat exclmng^ member may comprise a 

5 liquid forced over the cooling fins. Further 
as the module casing is sealed any suitable 
gas, for wcample, an inert gas, may be used to 
fill the casing. 
The embodiments described above are 

10 parriculariy useful in aircraft applications 
in that there is no mechanical contact between 
prmted circuit boards of the electronic com- 
ponents and the cooling fluid, the air or 
gas which is in direct contact with the eleo- 

15 tronic components is clean, the entire module 
can be readily removed for servicing and 
maintenance, and no moving parts are necess- 
ary to enhance heat transfer between the first 
and second members. 



which a fan is provided to assist the passage 
of fluid to be cooled over said first heat 45 
transfer means. 
6. A module as claimed in any one of the 
daims, in which the or eadi 
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WHAT WE CLAIM IS:— 

1 . A module having a casing the contents 
of which have to be cooled, comprising 
first heat transfer means arranged within the 

25 casing separately from the components 
therein and second heat transfer means 
outside the casing and at least one heat 
pipe esrtending between said first and second 
heat transfer means, the heat pipe being 

30 arranged to permit transfer of heat from the 
first to the second heat transfer means only, 

2. A module as claimed in claim 1, in 
which said first and/or said second heat 
transfer means comprise finned surfaces. 

35 3. A module as claimed in claim 1 or claim 
2, in which means are provided for forcing 
cooling fluid over said first and/or said second 
heat transfer means. 

4. A module as claimed in any one of 
40 daims 1 to 3, in which said first heat transfer 

means are arranged in a passage through 
which, in use, fluid to be cooled is passed. 

5. A module as claimed in claim 4, in 



OSax pipe K> iu,jicuj.gwv» •w — 

zontal, the upper end being located in the 
second heat transfer means and the wick 
of the heat pipe terminating at or near the 
pomt at which the heat pipe leaves the first 
heat transfer means. 

7. Ainodule as claimed in any one of the 
preceding daims, in which at least the first 
heat transfer means is formed by two heat 
transfer members each having outstanding 
fins formed mtegrally therewith, planar 
surfaces of the membm opposite said fins 
bemg arranged in abuttmg rdationship and 
channels being formed in each of said planar 
surfaces whereby the or each heat pipe is 
accommodated in a passage formed by the 
channels on abutment of the members. 

8. A module as claimed in any of claims 
1 to 6, in which a plurality of heat pipes are 
arranged vertically with the second heat trans- 
fer means above the first heat transfer means, 
the second heat transfer means comprising 
fins formed on each individual heat pipe. 

9. A module as claimed in any one of 
the preceding claims in which the casing is 
provided with double walls, means bemg 
provided for causing a flow of fluid for re- 
moving heat from the second heat transfer 
means to pass through the cavity between 

the said walls, , ^ . 

10. A module substantially as herem- 
before described with reference to Figs, 
and 5, Figs. 2 to 4 or Fig. 6 of the accom- 
panving drawings. 

SWINDELL & PEARSON, 
Chartered Patent Agents, 
44 Friar Gate, 
Derby DEI IDA 
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